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By Louis L, Ho:nroe and Martin J, Saari

S'UHH.ARY

An investigation of five eowl—:Lnlet eonfigurationa for the B=29
aeirplene was made ln the NACA Cleveland altitude wind tunnel to ob=
tain design information for improving the cowl performance, Tests
were made to determine the offeoct of propeller spinners and increased
inlet diameters on the cooling-alr pressures at the cowl inlet and
at the face of the engine and on the drag and the critical speed of
the cowl,

The cooling-air pressures at the cowl inlet and at the face of
the engine were appreciably greater-for a 43-inch-dismeter inlet than
for a 383- by 36-inch oval inlet, The addition of a 27-inch-dimmoter
spinner to the 43-inch-diameter inlet further increased the pressures
at the face of the engine, whereas the addition of a 32-inch-diameter
spinner to the seme inlet did not appreciably affect the pressures,
The eritical speed of the 38%- by 36-inch oval inlet was slightly
greater than that of the 43-inch-diameter inlet, The addition of the
32=1nch~diemeter spinner to the 43-inch-diemeter inlet inoreased the
oritical Mach number to nearly that of the oval inlet, The cooling
drag of the installation with the 43~inch-diameter inlet was oonsider=-
ebly less than with the 58-?3-‘w 36-inch oval inlet,

1
INTRODUCTION

Flight tests of the B=29 airplane by ‘the Boe:lng Airora.ft Company
have shown that the cooling-air pressure recoveries at the face of the
engine woere low and that pressure losses of as much as 0,30 of the
free-stream impact pressurc occurred ahead of the engine, An inves-
tigution was therefore oconducted in the NACA Cleveland eltitude wind
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tunnel to detormine the origin of these losses and to invostigate tho
characteristiocs of several alternate cowl-inlet designs. Tho tests .
wero part of an oxtemnsive investigation requested by the Air Technical
Sorvice Command, Army Air Foroes, to.improve tho cooling and roduce
the cooling drag of the B-~29 powor-plant installation.

Each of the inlet configurations was tested over a rangoe of inlet
volocity ratlos, anglos of attack, and propeller thrust ocooefficients,
An enalysis is prosonted of the offect of warying thoso operating con-
ditlons on oritical speed.of tho cowl, total. prossures at the cowl in-
let, pressures at the face of the engine, and drag of the installation.
Comparisons aro made of tho difforent inlet configurations to show
the effect of changes in cowl goomotry on cowl performance,

SYMBOLS

D propeller dismetor, feot
: S local total pressure, pounds por squaro foot

(H-po)/'qo total-preasuro coefficient

(Hl-Hz)/'q° diffusor pressurv=loss coefficient

Mb Frec-stroam Mach mambor
p local statioc prossure, poun&s por square foot
Py - froo-stroam statio proessuro, pounds per square foot

(p-po)/'qo statioc-proessurc coofficiont

P averago proessuro drob aﬁross ongino, pounds per.square
foot * -

ApVho cooling-air pressure-dfop coofficioent

9, free-streem impact pressure (H-po), pounds por square
foot

4, froo=stroam dynemioc pressuro (ipvoz) s pounds per
square foot ..

T propulsivo thrust, pounds

T, propollor thrust coefficiont (T/p Vszz)




R |

NACA MR No. EGK30 3

‘ Vo free~strosm velocity, foet por second .
. S 41 veiooiﬁ-r at oéwi i:zllot, feet por socond
: 71/ inlet volooity ratio
e mass density of alr (froe stroem), slugs per oubic foot
" ' DESCRIPTION OF APPARATUS -

The tests wore mado on a right inboard nacolle (fige 1) of a
B«29 eirplane, which was powored by an 18-oylinder, double-row radial
with & normal oruising rating of 1350 brake horsopowor at an engine
spoed of 2100 rpm and a normal rating of 2000 brake horsepowor at
2400 rpme Tho engino was equippod with a single-stage engine-driven
suporcharger, two turbosuperchargers, and o four-bladed propellor,
Tho propcller was 16 feet and 7 inches in diasmeter and rotated at
0.36 ongine spocd.

Cowl Inlets’
Fivo cowl=inlet configurations wore invostigated:

(1) original production cowl with en oval inlot 38% by 35 inchos
(fig. 2(a))

(2) 39%-inch-dismotor cowl inlot
(3) 43-inch-ciametor cowl inlet (fig, 2(b))

(4) 43-inch~diamoter cowl inlet with 27-inoh-diamotor pr.opoller
spinncr

(5) 43-inch~diemeter cowl inlot with 32-inch~diemoter propollor
spinner (Pfig. 2(¢))

A comparison of these inlets 1s shown in figures 3 to 6, The
oval inlet and the 39%-inch-dismetor inlet were tested with the pro-
duction cowl aftorbody, wheroas the 43-inch-diemoter inlet was test-

- ed with an enlarged .cowl afturbody. Tho cowl-inlet modifiocations
woro made forward of the bulkhead at station -40, which was the same
 Por all configurations. (Sce figs. 3 and 4.,) The modifications to
the oowl inlut wero made without oha.ng:lng the lowor lip of the nacolle
duot inlet., (Sve figs. 3 and 5,)
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Tho coordinatos of the uppor and lower 'lips of the throe cowls
and of tho two spinners are givon in tebles I and II, A fixcd after-
body was used with the larger spinnor, A ‘doscription of ‘tho cowl
outlets end flaps is given in referonce 1,

Instrumentation

The static-prossuro distributions over the upper cowl lips and
the lower duot lips were detorminod by static-prossure orificos in-
stalled flush with tho lip surfaces, as shown in figuroc 6., Total
prossurcs at tho cowl inlets woro moasured by eight rakes of shiolded
total-prossure tubes, whioch wore turned to approximatoly aline thom
with tho propellor slipstream. (Soco figs. 6 snd 7.,) Total prossuros
et the face of tho ongine woro measurcd by nine rakes of shieldod
total-pressure tubes locatcd botwesn adjacont front-row cylinders.,
(Sec figs. 8 ond 9,) The prossuro in front of cach of the 18 ocyl-
indor heads was measurod by a shielded total-prcssure:-tuboc Hhl
locatod as shown in figuros 8 and 9,

Tho mass rato of ocooling-air flow usod to dctormino the cowl-
inlot volocity ratio was obtainod from moasuraments of total pros-
surcs, static pressures, and tamporatures at tho cowl outlot., (Seo
fig. 6.,) Thrust and drag monsurcments woro rccordod by tho wind-
tunnoel belanco oquipmont,

TRESTS AND METHODS

Tosts wero made of oach cowl-inlot configuration for a rango
of inlet-vclocity ratios, anglecs of attack, and propcllor thrust
coofficionts with thoe propéllor oporating and for a renge of inlot
velocity ratios and anglcs of attook with the propollor ramoved.

Tho inlct veclocity retlo was varicd by odjusting thu cowl-flaop
doflootion. Tosts of the 8ifforont configurations wore mado at tho
samo ongino and tunnol oporating conditions to pormit diroct compar-
isons. BEach configuration was tostod at e prossuro altitudo of
15,000 foct, indicated airspcuds of 190 miles per hour at englos of
attack of -2° and 1° and 150 milos por hour at an anglo of attack

of 3°. Tho anglo of attack is dofinod as tho intlination of tho
thrust axis to the wind-tunnel axis.

Tho two top cowl flaps wero fixod at a 23-inch gap throughout
the invostigation, For the tosts mado with tho progollor ramovod,
tho intorocooler flap doflection wans mainteined ot 8Y and the oil-
coolor flap dofloction at 49 for all configurations, For the com=
parativo tosts of tho difforont inlots mado with the propollor
oporating, tho intorcoolor and oil-coolor flaps were maintaincd at
approximately tho seme doflootions,
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REBUIES nND DISCUSSION e T -_ s

Tho orformanco dharacteriatics of a satisfabtory Gowi includos
(1) high oritioal spoods; (2) high pressure.recovorios at the cowl
inlot; (3) high prossurc rocovorios at tho faco of tho ongine; end
(4) low drag over tho rango of oporating conditions.': Tho cowls
tostod arc wveluated on -the -besis of thoso porformanco ‘charactor=
istics in thc following: socbione., . I . N ‘

' Oritica.l Spood -« . eyt

Tho surfaoc statio prosaures of tho uppor ccwl 1ips end tho
lowor duct lips oro prosontod. as statioc-pregsurc coofficionts
(p-R)/qpe Tho oritical spoads.of .tho cowl inlots aréd disoussod
as func ions of inlot volooity ratio, anglo of sbtack, propcller
thrust coefficliont, and geomotry of tho ocowl inlot,

Effuct of inlot voloecity roatioe. = Tho 'variaetion of inlot
volocity ratio with cowl-Tlap trailing-odgu gop for tho difforcnt
cowl inlots is givon in figuro 10, . WTith thi¢ oxcoption of tho 32-inch-
diasmotor spinncr installation,.tho raenge of inlet volocity ratios
over which cach of tho inlots wos tostod was small.

Tho offocts of inlet wvoloclty ratio on theo prossurc distribu-
tions ovor tho uppor cowl lip and lowor duct lip aro givon in figuro
11 for thc fivo cowl-inlot configurations. -As the vaoluc of VL/Vo
was incroased, tho stagnetion point movod outward on tho uppor cowl
1ips of all configurations, which rusultod in lowor nogativo pros-
suro peoks and thoroforo highor oritical- speoods,

Changing tho inlet volocity ratio has the offect of changing
tho anglo of attack of tho lip. At low valuos of V,/V,, tho groator
portion of tho air approaching the, cowl flows around 1t and only e
rolativoly small quantity ontors tho cowl, Tho strosmliios thoro-
foro divorgo sharply ahoad of tho inlot.and in offoot ineroasc the
anglo of attack of tho ocowl-llp sections (sketech (m)), which results
in an incroase in thu nogativo pressures on tho outer surfaco of the
1ip, (Soo roferonco 2.) Imoroasing tho valuo of VL/V docrocsos tho
offoctivc angle of attack of tho cowl 1ip_and thoroforo doorceeses tho
nogativo prossuro peaks. (Soo sketoh (b))

Upper oowl
1ip

Skotch (a) Skotoch (b) .
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The pressures on the lower lip were not so greatly affected by
changes in the cowl-inlet velooclity ratio as were the pressures on the
upper lip, The pressures on the lower duct 1ip are principally de-
pendent on the inlet veloclity ratio of the nacelle duct inlet. The
variation of static pressures on the lower duct 1ip with oll-cooler
and intercooler flap deflections, which control the lnlet veloclty
ratlo- of the nacelle duct inlet, 1s shown in figure 12.

Effect of angle of attack. - The effect of angle of attack on
the pressure distributlon over the upper cowl lip and the lower
duct 1lip of the inlets 1s presented in figure 13, Increasing the
angle of attack of the nacelle lncreased the negative pressure peeks
on the upper cowl 1llps and decreased the pressure peaks on the lower
duct 1lps. The increase 1n the negative pressure peaks with incroas-
Ing angle of attack 1s attributed to the shifting of the stagnation
point on the upper lip to the imner surface of the Iip, which results
in high local velocltles over the leading-edge radius and thercfore
high negative pressures. Inasmuch as the lower duct lip acts as an
inverted airfoil, the  effects of changes in angle of attack on the
pressure peaks of the lower duct lip were opposite to those that
occurred on the upper cowl lip., (See fig. 13.)

Effoct of propeller operation, -~ The pressure coefficlents of
the upper cowl 1lip and the lower duct lip were not greatly influenced
by changes in propeller thrust. (See figs. 14 and 15.) The deta
show that the negative pressure coefficlents were slightly reduced
on both the upper cowl and lower duct lips with an increase in the
value of T,. Greater reductions in the maximum negative pressure
coefflcients were obtained on the lower duct 1lilp than on the upper
cowl 1ip for the same 1ncrease 1n the value of T, owing to the in-
creased charge-air flow through the nacelle duct at the higher power,
vhich resulted in a higher 1nlet velocity ratlo of the nacelle duct
inict. '

Effeot of changes 1n cowl-inlet goometry. - A comparison was
made of the effect on cowl-lip pressure distribution of the changes
in the cowl-inlet geametry resulting from lncreasing the inlet area
and from installing the propeller spimnors, (See figs. 16 to 19.)

As the size of the cowl inlet was increased from a 383~ by
35-1nch oval to a 43-inch diameter, the negative pressure peaks on
the upper cowl lip increased 0.30 go'at an angle of attack of -20
and 0,60 g5 at an angle of attack of 3° for the same cooling-air
flow, (See fig. 16.) The greater megative pressures and the lower
critical speed experlenced with the largor.inlet are the result of
thoe cambined influence of the lower value. of Vi/Vb and the decreased

camber of the uppor lip of the.larger Inlet.” (See sketch (c).) .
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Upper cowl 1ip of
43-inch-diemoter inlet

/C Upper cowl 1lip of Lo
384- by 36-inch oval :Lnle'l:

Sketah (o)

Inasmuch as the contours ‘of tho uppor cowl lips of tho. oval and tho
39%-inch-dimmeter inlets werse approximsately the seme (fig. 4), 'the
prossuro distributions over the upper cowl lips wero similar, Tho
peak nogative prcssures on the lowor duct lips of the inlets were
greater than on tho upper lips at an anglc of attack of -2° (figs. 16
to 19) and, consequently, the critical spoeds of the cowls at an
angle of attack of -2° wore determinod by the lowcr duct lips,

Tho nogativo prossuro peaks on tho uppor cowl 1ip of the 43-inch-
diemotor inlot wore roducod 0.20 g, at an angle of attack of -2° by
tho addition of tho 27-inch~diemetor spinner end 0,30 by the addi-
tion of tho 32-inch-dismotor spinnor. (Soe fig. 17.) qX‘b an anglo
of attack of 3 , tho negative prussurc poaks werce reduced 0.20 9, by
tho 27=-inch-diamoter spinner end 0.56 q . by tha 32-inch-dismoter
spinner., Thoso comperisons woro madeo at tho semo air flows through
thoe inlct, The addition of tho spimners imoreascd tho cowl-inlet
veloolty ratio and pormittod e morov gradual defloction of the stream-
liroes around tho cowl, thoroby roducing tho offective angle of attuck
of tho oowl lips., (Sce skctches (d) and (e).)

\‘hUpper cowl
1ip

Skoteh (d)
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The lower duct-lip pressures. (figs. 18 and 19) were arrproximately the
seme for all configurations tested, with the peak negative pressures
for the large inlet slightly higher than for the other inlets,

A sumnery of tho date showing the effocts of inlet velooity
ratio, angle of attack, and changes in the goometry of the cowl in-
let on the poak negetive pressures on the upper cowl lips is pro-
sentod in figure 20 for the difforont configurations,

Basod on the peak negative pressurcs given in figures 16 and 18,
the oritical Mach numbers (fig. 21) of the difforent cowls. wore.
detormined by the method givon in rofercnco 3, Inasmuchesthe data
have not beon corrected for tho offects of tunnul-wall rostriction,
tho critical Mach numbers prosented seorve only as a basis for oom-
parison. The truo oritical kach numbors obtained in flight would
bo somowhat groator than thoco obtained in tho wind tunnol.

A comparison of the dritical spoeds of the differont cowl in-
lots (fig. 21) shows that the oritical speed of theo 38%u by 36=inch -
oval .inlet was slightly greater than that of tho 43-inch-diametor
inlot. The addition of the 32-innh-dimmeter spimnor to tho 43-inche
diemetor inlet incresed the oritical Mach numbcr to nearly that of
the oval inlet, For all the inlets investigated the critical Kach
numbor of tho -lower duct lips was from 0.06 to 0.09 less than for
tho upper cowl: lips,

[

Total Prossures at Cowl Inlet

Tho total prossures at thc cowl inlot aro loss than the total
pressure of the freo stroom by an smount equal to tho lossos shoad
of tho inlct, Thoso lossos rasult from the drag of the propeller
bladc shanks and thu hub or spinmor, Tho offects. of the incroased
inlect diemotors and the propollor spinners on the cowl-inlet prese
suros aro precentod in this section as functlons of inlot velooity
ratio, anglo of attack, and propellur oporating conditions, The
distributions of total prossures at tho cowl inlet are prosemtud as
contour maps in figuros 22 to 25 and the avcraege woeightcd total
prossuros at the uppor and lower halves of the different "lnlots are
given in figurc 26, .

Effect of inlet volooity ratio. - The total-prcasure gontours
for tho oval and the 43-inch-diamotor inlots woro .not approciaebly’
affectod by chenges in tho inlet velodity ratic., (Soo figs. 22
and 23,) For tho spinnor configuraticns, howevur, the total-prossure
distribution around the inlet annulus wes not so uniforr at low
valuos as at high valuos of v]f/v . (Bee'figs, 2¢ and 25,) ‘The
pressuros at the upper half o tho inlets of the spinnur configurations
dooroasod with a decroase in inlot vclooity ratlo, whereas the pres-
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sures in the lowar half of the inlets wﬁre uncharnged, “The:decrease -

in the total pressures (about 0.12°q_)"at the uppér. h&élf of the.cowl

inlet.éaused by the addition of the. g?-inoh—diameter spinner ..as wore

pronounced then that nausbd by the" 27-inoh-diumeﬁer spinner (only
0,03 qo) at angles of attack of -2° and 3° .

The 1dw reco#aries in the 'upper portion of the inlet at low in-
let velooity rauios are ‘attributed’ to- separation -pf: the cooling-air
flow from. the upper. surface of the spinner. -A detalled diaoussion
of the boundary-lqyer separation phanamena.is given in refarences’
Zand. 4, . .

For the oonfigurations w1thout spinners, the oowl-inlet pressures
measured with the propeller ramovad increased slightly with increased
inlet veloocity ratio. (See figs. 26(a) to 26(c).) With the pro-
peller opérating, changés in the inlet velocity ratio had little
effect on the imnlet total pressures,

Effect of angle of-attaek. - The total-pressure contours for
the oval and 43..inch-dismetor inlets were almost symmetrical about
the thrust axis et an angle of attack of -2° for ell test conditions,
(See figs. 22 and 23,) For the configurations without spinners, an
inorease in angle of ‘attack from =-2° to 3° deoreased the average
pressures at the upper halves of the inlets by 0.10 q, and increased
the pressures in the lower halves by about 0,10 qgs ?See figs. 26(a)
to 26(c).) For tho configurations with spinners (figs. 26(d) and
26(e)) the effect of increasing the angle of attack on inlet pres-
sures was more pronounced and losses of as much as 0,20 g, occurred
in the upper half of the cowl inlet, '

Effoct of propeller operation. = The total pressures at the
inlet o' each configuration were considerably higher end more uniform.
with the propeller removed than with the propeller operating. (Sce
figs. 22 tp 26.) The reduction in pressure resulting from the in-
stallation of the propeller was about 0.07 g, for the 43-inoch-diemeter
inlet and sbout 0.14 q, for the mmeller oval inlet, (See fig. 26.)
Changes in -the propeller thrust coefficient T, (fig. 27) ad no
appreciaeble affect on the oowl-inlet.pressures. .

Rffect of ohanges “in cowl-inlet geometry. - The averages of the
weighted total psvssrreg at the cowl inlets of several oconfigurations
are compored at the same cooling-air flow in flgure .28, :‘With the
propeller removed (fig. 28(&)), the avuréige pressures at the oval
inlet were slightly higher than the prossures &t the 43«inch-diameter
inlet. . The most significant chenges resulting.from the addition of
the 3211noh-diameter spinner té the 43-inch-dismeter inlet were the
decrease of the total pressures in the upper half. of the inlet at an,
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engle of attack of 3° and the inorease of the total JPressures in the
lower half of the inlet at an angle of attack of =2°,

With the propeller operating (fig. 28(b)), inoreasing the inlet
area increased the average of the weighted total pressures over the
entire inlet by about 0.07 q, at all angles of attack. Proportion~

ately less of the larger inlet is blocked by the propeller, which
acoounts for the higher pressures obtained at the 43-inch-diameter
inlet. The average pressures at the 43-Inch-diameter inlet were
further inoreased by about 0,07 q, at an angle of attack of -2° by

the addition of the propeller splmners, At an angle of attack of
39, the spinners improved the average inlet pressure by only 0.03 qg.

Total Fressures at Face of Engine

The total pressures at the face of the engine are less than
the pressures at the inlet owing to the diffuser losses. The dif-
fuser losses, which vary with operating conditions and diffuser
design, are shown in figures 29 and 30 {or several inlet configura-
tions. The values presented in these figures have been ocalculated
from the average of the welghted total pressures measured over the
entire face of the engine. Increasing the mass flow of cooling air
corresponding to higher engine pressure drops Ap/'q° increased the

diffuser losses, The diffuser losses for the spimner configurations
were conglderably higher and increased more rapidly with an increase
in the value of Ap/q, than the losses for the other configurations.

The contour maps showing the total-pressure distributions at
the face of the engine are presented in figures 31 to 33 for several
configurations. The average weighted total pressures at the upper
and lower halves of the face of the engine, as measured by the intor-
oylinder total-pressure rakes (figs. 8 and 9), and the average total
pressures of ‘the upper and lower nine cylinder heads with the differ-
ent configuretions, as meaaured by total-pressure tube Hhl, are
given in figure 34.

Effect of inlet velocity ratio. - Tﬁe pressuro contours at the
face of the engine for several inlet configurations were about the
same for all inlet velocity ratios. (See figs. 31 to 33.)

Increasing the inlet velooity ratio had little effoot on cylindor-
head pressures for the different configurations. The pressures of
the upper nine cylinder heads definitely increased for the configura-
tion with the 32-inch-diemeter spinner. (See fig. 34(e).) For all
configurations, however, the average pressures over the face of the
engine, which included both cylinder-head and barrel pressuros,
deorcased with an inorease in the value of Vy/V,.
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Effect of angle of.attack, - The honuniform pressures observed at
the cowl -Inlets also .ocourred at the face of the engine. (See figs.
81 to 33,) - The pressures at the face of the ‘upper half of' thé engine
(fig. 54) were much lower -than the pressures at the lower half of the
engine, As the angle of attack wes inoreased Prom -2° to 39, the dife
ferenoce between the pressures at the upper and lower healves of the
engine increased; at en angle of attack of 3° the average pressures in
the upper half of the engine were.asbout 0,10 to 0.16 q, less than at
the lower half of the engine, (See figs. 34(a) to 34 ?o) ) The largest
pressure differences hetween the upper and lower halves of the engine
were measured for the oconfigurations with spimners (fig. 54(9)).

Effect of changes in cowl-inlet geometry. - The average of the 18
cylinder-head pressures measgured with thé 43-inch-diameter inlet was
about 0.10 g, greater than that measured with the smaller oval inlet,
(See figs, 35 and 36.) The addition of the 27-inch-diameter spinner
to tho large inlet lncreased the average cylinder-~head pressure about
0,03 q,, whereas the addition of the 32-inch-diasmeter spinmer had no
appreciable effect on the average cylinder-head pressures. The aver-
age prossures over the face of the engine, which included the pressures
of both the cylinder heads and barrels, were also greater for the
large circular inlet than for the small oval inlet,

The pressure gradients from the tummel free stream to the face of
the engine are compared at the same cooling-eir flow in figure 37 at
engles of attack of -2° end 3° for the different inlet configurations.

Installation Drag

The comparative drag of the 43-inch-diesmeter inlet and the 38%-
by 35-inch ovel inlet was determined by testing egsch of the inlets
wilth a produotion afterbodys The tests were conducted at a pressure
altitude of 15,000 feet and an indicated airspeed of 190 miles per
hour, The drag of the 43-inch-diemeter inlet with and without the
32-inch-dismeter spinner is compared with the drag of the oval inlet
in figure 38 over a range of cooling-air pressure drops Ap/q for
normal cruising arid normal rated powers,

The average cooling drag of the installation with the 43-inch-
diameter inlet was about 60 horsepower less at normal oruising power
and bl horsepower less &t normdl rated power than for the imstallation
with the seiu by 36~inch oval inlet, For high-speed flight of the
eirplane at an. altitude of 15,000 feet and en indicated airspeed of
250 miles per hour, the lower ccoling drag of the 43-inch-diameteor
.inlet is equivalent to an inorease- of about 108 thrust horsepower,
(see fig. 38(b).) This reduction in cooling drag results from lower
prossure losses in the inlet and diffuser of the 45-inch-diameter
inlet cowl,
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The addition of the 32-inoh—diamqter spinnér to ‘the 43-inoh-- Lo
diemeter-iniet decreased the drag of the installation by ebout -7 '
horsepower at an indioated ‘airspeed of 190 miles por hour and by
sbout 15 horscpower ‘at “the high-speed condition of d50~milea peor
hour indicated airsPeed. . .

SUMMARY OF RESULTS

Tho following rosults wore obtained from-en investigation in the
altitude wind  tunnel of ocowl inlets for the B-29 powcre-plant installa-
tions .

l, The oritioul speeds of the upper cowl 11ps and lower duot
lips of the five inlet configurations invostigated incressed with inw
oreases in the cowl-nlet velocity ratio. The meximun negativs pres=-
surcs at the lowur duct lips were more affected by variation in the . .
inlet velocity rutio of tho nacdllo duct than by variation in the
inlut velocjty ratic of the cowl inlet. )

2, The critical -Mach number of the upper lip of the SB%a by o
356=inch oval inlet was somuwhat greater than for tho 43-inch-diamreter
inlet, The addition of the 32-inch-diemeter spinner to the 43-inch-
diemstor inlet inc¢reased thu critloal ¥och number to nearly that of
tho oval jinlet. For all inlets tested the critical Mach .number of the’
lower duot lips was from 0,050 to 0,092 less than for the upper cowl
lips,.

3« Incroosing the cowl-inlet aree from the 383~ by 3b6=inch oval
inlot to tho 43-inch-diemetor inlet increased tho avurage cowl-inlet
prossures by about 0.07 of tho froe-stroam impact pressure qp ‘et ell -
angles of attack, caused by the more effectivo blado sections behind - .,
which the largor inlet was located. The average cowl-irlet pressures
woro further inoronsed by about 0.07 qo .at an angle of attack of -2°
by the addition of the 27-inch~ and 32-irch-diemoter propoller spinners '
to the 43-inoh-diameter oowl inlot,

4, Changes in the propeller thrust coofficient hed no appreciable
effect on tho eowl inlet prossures.

5. With the propcller operating, changes in the inlet volocity
ratio had little offect on tho cowl-inlet pressuros of tho configura-
tions without spinners, The avorage prossuros at tho uppor half of
the inlet with tho 32-inch-diemotor spinner, howuver, dooroassd
0.14 q, with a.docrcase in tho value of inlet voloaity ratio over
tho opcrating rango investigatod. This offeot is attributod to sep=
eration of tho air flow from ‘the upper surface of the spinncr, -
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6, Inorensing the angle of attack from -2° to 3° reducocd tha

"total pressures in tho upper half of the differont inleots by about

0.10 to 0.20 q,; tho groatest reductions ocourred with tho splnnor
installations. :

Te Tho oowl-diffuaar lossos for tho 32-inch-diamotor spinnor
installation werc considorebly higher and inofoasod moro ‘ropidly. -
with cooling-air flow than tho lossos for the installations wlithout
splinnors,

8. The average of tho 18 cylinder-head prossures obtainod -with
tho 43-inch-diemctor inlet was about 0.10 g higher than thoso obtained
with the oval inlet at all englos of attack., Tho addition of tho 27-
inch-dismoter spimnor to tho largoer lnlot furthqr, inercasod +thae avor-
age cylindor-hcod prossure by about 0,03 q,, whoroas the 32.inch-diem-
oter spinnor had no appreciablo offoet on tho avorago prussuro,

9, Chenges in inlet velocity ratio, angle of att =k, and pro-
peller operation had the seme general effect on the average pressures
over the face of the engine as on the pressures at the cowl inloct.

10, At a pressure altitude of 15,000 feet and an indicated aire
speed of 190 miles per hour, the average cooling drag of the instal=
lation with the 43~inoh-diameter inlet was about 60 horsepower less
at normal cruising power than with the 38f;= by 35-inch oval inlot,
For the hiph-speed condition (indicated airspeed, 250 mph) the lower
cooling drag of the 43-inch-diemoter cowl ialet 1s equivalent to an
increase of 108 thrust horsepower,

Alrcraft Engine Research Laboratory,
National Advisory Committee for Aeronautics,
Cleveland, Ohio
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TABLE I - COORDINATES OF UPPER COWL~LIP AND LOWER DUCT-LIP SECTIONS
i X, in. . -
X Upper lip ‘Lower Lip
1 - e ﬁn-_-('.
(in,) gvek ggwfsi:nifg% gﬂ?&n‘e?g? gfmigbg; All oowl inlets
cowl inlet ocowl inlet
Outer Inner Outer Inner Gutoer Inner Quter Inner
surfoce jsurfaze |3urface ngface surfequsurface surfaoco {surface
0 0 0 0 0 0 C
026 1,44 -.87 1,18 -.68 1,18 - 06
«50 2.12 «1,18 1,81 =481 1,56 =468
76 2¢5C -1,28 226 -o81 1.94 =o75
87 0 0
1,00 2,76 =1,37 2.62 -o81 2.18 -T2 ) 37
1,26 3,12 -1.44 293 =481 2,37 -,68 =14,256 b6
1,50 337 -1.,46 3,18 -,81 2,63 =65 =1,.69 62
1.75 5.62 -1546 3.44 -.81 2981 -062 -2.00 .68
2.00 3087 =1,43 3.62 =81 3.00 -+59 =2.,25 68
2,25 4,06 -1e41 3,87 =Bl 3.12 -0 56 =24,50 «68
2450 4,25 -1.37 4,06 =81 3.25 - 53 -2,68 65
2,75 4,41 -1.31 4,25 =81 3044 =260 =-2,87 +62
3,001 4,62 =1-25 4,44 3,66 -od7 =3 .06 299
3,25 4,78 | -1.12 4,56 3,68 -o41 | -3.25 059
3450 600 -a94 4,75 3,81 -o37 -3437 « D6
3.75 5.06 -,78 4.94 3094 -3 ~3.,66 ad
4,00 5,25 - 562 65008 4,06 =25 ~3.75 a4
5,00 5.75 add 5462 4,50 0 -4,25 12
6000 6.25 2.25 6.06 4094 .25 -4063 " -.12
7.00 TeTl 3,50 6.50 5.31 » 56 -4, 04 - ¢ 50
8,00 7,06 4.12 6.94 5,62 =525 -o94
9,00 7«50 4.28 Ta01 6.00 -b5,580 =1,37
10,00 7.81 4,31 7o68 6.2b -5,87 ~14,87
11,00 8,12 4,50 8,00 6.56 -6.22 -2,37
12,00 8,50 4,53 8,31 6,87 -6.,31 -2.81
13,00 8,75 4,56 8,62 7.12 =6,62 =3,31
14,00 9.00 4,62 8,94 7,37 -6,87 34756
16,00 9,50 -Tedl =%,75
18,00 9.87 =T«76 =5,560
20,00 | 10,18 =8,25 -6,18
22,00 | 10,44 -8,62 =687
24,00 | 10,62 -9,00 7437

) -8tation -b54.

«87
Station -54.0 l\
X

- Leading edge “-J\\\‘-,__~_.

Lower lip

National Advisory Committee
for Aeronautios




TABLE 11 = COORDINATES OF 27-INCH- AND 32-INCH-DIAMETER PROPELLER SPINNERS

Y
x P
X 2|4 |68 |02 14|16]|I8 20]22 |24 |26 (2830 |
Y 195 | 3. | 457588703 804/892 |969 038110} |1158]12.10 |1257|12.98/1332/1350)
r\\\\
— | ~
|
|
Y
|
|
X N | |
\ l couu’u“ﬁégnétal‘gz:igg:n?lcs
X &5 | 1.0]20 |40/ 6.0/ 8.0 |i0.012.0}14.0]16.018.0|20.0 | 22.0| 4.0 |25.0|28.0|30.0 |32.0 |34.0 | 4.9
Y 1,25 (2.12 {3.23 |5.12| 6462 [8.06 |9.18 [10.18(11.25 | 1200(12.68]13.31 (1387 |14.43]14.93 (1531 | 15.68{15.93 | 16.00| 16.00
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{ntercooler

Cowl outlet Carburetor Intercooler

Propeller

Front exhaust 1
collector

""""""

Rear exhaust
collector

Turbo supercharger

Exhaust
exit

0i} cooler

Oil=cooler door
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Figure 1, - Right inboard nacelle with production cowl inlet,
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lal 38%— by 35-inch oval (original) cowl inlet.

Figure 2. - Front view of power-plant
cowl-inlet configurations.

installation

in altitude wind tunnel

with various
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(b) 43-inch-diameter cowl inlet

Figure 2. - Continued. Front view of power-plant
with various cowli~iniet configurations.

without spinner.

installation

in altitude wind tunne}
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{c) 43-inch-diameter cowl inlet with 32-inch-diameter spinner.

Figure 2. - Concluded. Front view of power-plant installation in altitude wind tunnel
with various cowl-inlet configurations.
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Figure 3. - Composite drawing showing cowl
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Station -40

¥3-inch-diameter cowl inlet
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38%- by 35-inch oval (original) cow! inlet
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Figure 4, - Composite drawing of upper-lip sections ot cowl inlets

blade sections.

showing propeller
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! 43-inch-diameter cowl inlet
32-inch=diameter spinner
27=-inch=diameter spinner
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Nacelle duct

Lower duct lip
NATIONAL ADVI SORY

COMMI TTEE FOR AERONAUTICS

Figure 5., - Composite drawing showing 27-inch-and 32-inch-diameter propeller spinners
installed on a 43-inch-diameter cowl inlet.
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—Lowl-outlet pressure

tubes
Static-pressure orifices

owl=1ip static~-
pressure orifices

Cowl-inlet total-
pressure tubes

<hir flow

Static-pressure NATIONAL ADVISORY
orifices COMMITTEE FOR AERONAUTICS

Inboard
Figure 6. - Location of cowl-inlet and outlet total-pressure tubes and cowl-lip-surface

static~pressure orifices on 38%-by 35-inch oval (original) cowl inlet.
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Figure 7. — Installation of cowl-inlet total-pressure tubes.
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Front-row
cylinder
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Front=rnw
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Figure 8. - Location of intercyitnder total-pressure tube rakes and center front

cylinder-head total-pressure tube Hhl.




Total-pressure
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pressure rakes
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Figure 9, - General location of instrumentation on engine cylinders.
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Af 43-fnch diameter with 39-inch-
diametgr spinner
O] 2824 by 39-incH ova) (original)
V| 43-inch diamefier
0| 39 4inch [dlamdter
Ol 43-4nch diameter
.6
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Cowl-flap trailing-edge gap, in,

Figure 10,~ Effect of cowl-flap trailing-edge gap on inlet
velocity ratlo., Pressure altitude, 15,000 feet; indieated
airspeed, 190 miles per hour; angle of sttack, -29; thrust
coefficlient, 0,038,
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o
(a) 38%0 by 35-inch oval (original) cowl inlet.

Figure li. - Effect of inlet velocity ratio on pressure dis-
tribution over the upper cowl lip and lower duct lip.
Propeller operating: thrust coefficient, 0.038; angle of

attack, -2°.
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Thrust axis
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(b) 39%-inch-diameter cowl inlet.

Figure Il, - Continued, Effect of inlet velocity ratio on
pressure distribution over the upper cowl lip and lower
duct lip. Propeller operating; thrust coefficient, 0.038;
angle of attack, -29.
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Thrust axis
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(c) 43-inch-diameter cowl inlet,

Figure 11, - Continued, Effect of inlet velocity ratio on
pressure distribution over the upper cowl lip and lower
duct lip. Propeller operating; thrust coefficient, 0,038;
angle of attack, -2°9,
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Thrust axis
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(d) 43-inch-diameter cowl inlet with 27-inch-diameter
spinner,
Figure Il., - Continued. Effect of inlet velocity ratio on
pressure distribution over the upper cowl lip and lower

duct lip, Propeiler operating; thrust coefficient, 0.038;
angie of attack, -29,
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(e) u43-inch-diameter cowil inlet with 32-inch-diameter
spinner,
Figure Il, - Conciuded. Effect of inlet velocity ratio on

pressure distribution over the upper cowl lip and lower
duct lip. Propeller operating; thrust coefficient, 0.038;

angle of attack, -29,
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O0il-cooler flap deflection, deg Intercooler flap deflection, deg

Flgure 12,- Effect of oil-cooler and intercooler flap deflection on maximum
negative pressure coefficients of lower duct lip. Propeller removed; 43—
inch-diameter cowl inlet,
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(a) '385- by 35-inch oval (original) cowi inlet; inlet

velocity ratio, 0.324%.

Figure 13. - Effect of angle of attack on pressure distribu~-
tion over the upper cowl lip and lower duct lip.

Propeller
operating; thrust coefficient, 0.038.
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(b) _39%-inch-diameter cowl inlet; inlet velocity ratio,

0.240,

Figure 13. - Continued, Effect of anagle of attack on
pressure distribution over the upper cowl lip and lower
duct lip., Propeller operating; thrust coefficient, 0.038
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(deg) _ Thrust axis
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(c) 43-inch-diameter cowl inlet; inlet velocity ratio,
0.192,

Figure 13, - Continued., Effect of angle of attack on
pressure distribution over the upper cowl lip and lower
duct lip., Propeller operating; thrust coefficient, 0.038,




NACA MR No. E5K30

Thrult_l_xll

NAT 1ONAL ADVISORY
COMMITTEE FOR AIRONAUTICS

(d) u3-inch-diameter cowl inlet with 27-inch-diameter
spinner; inlet velocity ratio, 0.322.
Figure 13. - Continued, Effect of angle of attack on
pressure distribution over the upper cowl lip and lower
duct lip. Propeller operating; thrust coefficient, 0.038.
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h-diameter cowl inlet with 32-inch-diameter
r; inlet velocity ratio, 0.381.

Conciuded., Effect of angle of attack on

pressure distribution over the upper cowl lip and lower

duct lip.

Propeller operating; thrust coefficient, 0.038
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Pigure 14.~ Effect of thrust coefficient on maximum

negative pressure coefficients of upper cowl 1lip,
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Figure 15.,- Effect of thrust coefficlent on maximum
negative pressure coefficlents of lower duct lip,
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(b) Angle of attack, 3°,

Figure 16,.- Comparison of pressure distribution on upper
cowl 1lip for various cowl-inlet configurations; cooling-
air pressure-drop coefficient, 0.58; thrust coefficient
0.038.
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Figure 17.- Comparison of pressure distribution on upper
cowl lip for various cowl-inlet conflgurations;
cooling-air pressure-drop coefficient, 0.65; thrust
coefficient, 0,038,
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Figure 18.~ Comparison of pressure distribution on lower
duet 1ip for various cowl-inlet configurations; cooling-
air pressure-drop coefficient, 0.58; thrust coefficient,
0.038,
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Figure 19,- Comparison of pressure dlstributlion on lower
duct lip for various cowl-inlet configurations; cooling-
alr pressure=drop coefficlient, 0,65; thrust coefficient,

0.038,
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Figure 20,~ Comparison of maximum negative pressure coefficients of upper cowl

1ip for various cowl-inlet configurations,
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Figure 21,~ Comparative critical speeds of the five cowl-
inlet configurations, Propeller operating; thrust
coefficient, 0.038; angle of attack, -2°; cooling-air
pressure-drop coefficient, 0.58,
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Angle of attack, -2°9; inlet velocity Angle of attack, =2°; inlet velocity
ratio, 0.383. ratio, 0,300.

(@

Angle of attack, 39; unlet velocity Angle of attack, 3°, inlet velocity
ratio, 0.383. ratio, 0.300, .
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(a) Propeller removed.

Figure 22, = Total-pressure distribution at 381- by 35-inch
oval cowl inlet.,
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Angle of attack, =-2°2; inlet velocity Angle of attack, =-2°2; inlet velocity
ratio, 0.383. ratio, 0.255.

Angle of attack, 3°; inlet velocity Angle of attack, 3°; inlet velocity
ratio, 0.385. ratio, 0.255,
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(b) Propelier operating; thrust coefficient, 0.038.

Figure 22. - Concluded, Total-pressure distribution at 38%-
by 35-inch oval cowl iniet,
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Angle of attack, -2°

; inlet velocity Angle of attack, -2°; inlet velocity
ratio, 0.255,

ratio, 0.!80.
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Angle of attack,.3%; inlet velocity Angle of attack, 3°;

inlet velocity
ratio, 0.255. ratio, 0.180.

(a) Propeller removed.

Figure 23. - Totai-pressure distribution at the 43-inch=-
diameter cowl inlet.
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Angle of attack, -2%; inlet velocity Angle of attack, -29; inlet velocity
ratio, 0.255. ratio, 0.190.

Angle of attack, 3°; in%et velocity Angle of attack, 3%; inlet velocity
ratio, 0.255. ratio, 0.:90.

NATJONAL ADVISORY
COMMITTEE FOR AERONAUTICS

(b) Propeller operating; thrust coefficient, 0.038,

Figure 23, - Conciluded, Total-pressure distribution at the
L3-inch-diameter cowl inlet.
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" ratio, 0.355.

NACA MR No. EBSK30

Angle of attack, -29; inlet velocity Angle of attack, =-2%; inlet velocity
ratio, 0.355. ratio, 0.235.

Angle of attack, 3°; inlet velocity " Angle of attack, 39; inlet velocity
: ratio, 0.235. -

NAT IONAL ADVISORY
COMMITTEE FOR AERONAUT ICS

Figure 24. - Total-pressure distribution af 43-inch-diameter
cowl inlet with 27-inch-diameter spinner. Propeller
operating; thrust coefficient, 0.038.
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Angte of attack, =29; inlet velocity Angle of attack, -29; inlet velocity
ratio, 0.500 ratio, 0.350.

Angle of attack, 3°; inlet velocity Angle of attack, 3%: inlet velocity
ratio, 0.500. ratio, 0.350.

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

(a) Propeller removed.

Figure 25. - Total-pressure distribution at Y3-inch=-diameter
cowl inlet with 32-inch-diameter spinner.
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Angle of attack, -2°; inlet velocity Angle of attack, -2°; inlet velocity
ratio, 0.500. ratio, 0.350.

Angle of attack, 3%°: inlet velocity Angle of attack, 3°; inlet velocity
ratio, 0.500. ratio. 0.350.

NAT IONAL ADVISORY
COMMITTEE FOR AERONAUTICS

(b) Propeller operating; thrust coefficient, 0.038.

Figure 25, - Concluded, Totai-pressure distribution at 43-
inch-diameter cowl inlet with 32-inch-diameter spinner,
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(a) 38%-by 35-inch cowl inlet,

Plgure 26,- Effect of inlet velocity ratio on average weighted
total pressures at upper and lower halves of cowl inlets,
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(b) 39%-inch-diameter cowl inlet; propeller removed,

Pigure 26. - Continued. Effect of inlet velocity ratio
on average weighted total pressures at upper and lower
halves of cowl inlets,
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(c) 43-inch-diameter cowl inlet.

Figure 26, - Continued. Effect of inlet velocity ratio
on average weighted total pressures at upper and lower
halves of cowl inlets,
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(d) 43-inch-diasmeter cowl inlet with 27-inch-diameter
spinner; propeller operating; thrust coefficient,
0 .038.
Pigure 26. - Continued., Effect of inlet velocity ratio
on average weighted total pressures at upper and lower
halves of cowl inlets,




NACA MR No. E5K30

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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Figure 26, - Concluded., Effect of inlet velocity ratio
on average weighted total pressures at upper and lower
halves of cowl inlets,
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Figure 27,.- Effect of propeller thrust coefficient on
average weighted total pressures at upper and lower
halves of cowl inlets,
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Pigure 28,.~ Comparison of average of welighted total-pressure
coefficients at cowl inlets of various cowl-inlet
configurations. Ap/q,, approximately 0.50.
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(b) Propeller operating; thrust coefficient, 0.038.

Figure 28, - Concluded,

Comparison of average of weighted
total-pressure coefficients at cowl inlets of various cowl-
inlet configurations. A p/qc, approximately 0.50.
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Pigure 29.- Comparative diffuser pressure loss for four

cowl=inlet configurations with propeller removed,

Angle of attack, -29,
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(b) Angle of attack, 3°,
Figure 30,~- Comparative diffuser pressure loss for three
cowl=-inlet configurations with propeller operating.
Thrust coefficient, 0.038.



NACA MR No. E5K30

Angle of attack, =29; inlet velocity Angle of attack, =2%; inlet velocity
ratio, 0.384. ratio, 0.295.

Angle of attack, 3%9; inlet velocity Angle of attack, 3%; inlet velocity
fltlo, 0.384. ratio, 0.295.

NAT IONAL ADVISORY
COMMITTEE FOR AERONAUTICS

(a) Propeller removed.,
Figure 31, - Total=-pressure distribution at face of engine

with 38%- by 35-inch oval cowl inlet.
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Angle of attack, -2°; inlet velocity Angle of attack, =2°; inlet velocity
ratio, 0.384. ratio, 0.255.

Angle of attack, 3°; inlet velocity Angle of attack, 3%; inlet velocity
ratio, 0.38%. ratio, 0.255,

NAT IONAL ADVISORY
COMMITTEE FOR AERONAUTICS

(b) Propeiler operating; thrust coefficient, 0.038.

Figure 31. - Concluded. Total-pressure distribution at face

of engine with 387- by 35-inch oval cowl inlet.
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Angle of attack, -29; inlet velocity Angle of attack, -2%; inlet velocity
ratio, 0.255. ratio, 0.180.

Angle of attack, 3°; inlet velocity Angle of attack, 3°; inlet velocity
ratio, 0.255. ratio, 0.180.

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

(a) Propeller removed.

Figure 32. - Total-pressure distribution at face of engine
with 43=-inch-diameter cow! inlet.
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Angle of attack, -2°; inlet velocity Angle of attack, =-2%; inlet velocity
ratio, 0.255. ratio, 0.191.

Angle of attack, 3%: inlet velocity Angle of attack, 3°%; inlet velocity
ratio, 0.255, ratio, 0.191.

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS,

(b) Propeller operating; thrust coefficient, 0.038.

Figure 32, - Concluded, Total-pressure distribution at face
of engine with Y3-inch-diameter cowl inilet.




NACA MR No. E5K30

Angle of attack, =-2°; inlet velocity Angle of attack, -2%; inlet velocity
ratio, 0.498. ratio, 0.350.

Angle of attack, 3%; inlet velocity Angle of attack, 39; inlet velocity
ratio, 0.498. ratio, 0.350.

NAT | ONAL ADV1SORY
COMMITTEE FOR AERONAUTICS

(a) Propeller removed.

Figure 33, - Total-pressure distribution at face of engine
with 43-inch=-diameter cowl inlet with 32-inch-diameter
spinner.

6L
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Angle of attack, -29; inlet velocity Angle of attack, =-29; inlet velocity
ratio, 0.498. ratio, 0.372

Angle of attack, 3%; inlet velocity Angle of attack, 3°; inlet velocity
ratio, 0.498. ratio, 0.372.

NAT IONAL ADV ISORY
COMMITTEE FOR AERONAUTICS

(b) Propeller operating; thrust coefficient, 0.038.
Figure 33. - Concluded. Total-pressure distribution at face

of engine with 43-inch-diameter cowl inlet with 32-inch-
diameter spinner,.
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(a) 38%-by 35-inch oval cowl inlet,

Figure 34,- Effect of inlet velocity ratio on average
welghted total pressures at face of engine, upper and
lower halves, and average total gressures of upper
and lower nine cylinder heads, ropeller operating;
thrust coefficlient, 0,038,
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Figure 34. - Continued.

Inlet velocity ratio, Vy/V,
(v) 394-inch-diameter cowl inlet,

Effect of inlet velocity ratio on

average weighted total pressures at face of engine, upper
and lower heslves, and average total pressures of upper and

lower nine cylinder heads.

coefficient, 0.038,
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Figure 34, - Continued.
average weighted total pressures at face of engine, upper
and lower halves, and average total pressures of upper and

lower nine cylinder heads, Propeller operating; thrust
coefficient, 0.038.

Effect of inlet velocity ratio on



NACA MR No. E5K30

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

UJper nine dylinder heads Lower nine cylindgr heads

1,10
1,0
s -
.90 ~o—jo—0- ; ‘\‘0\
H-po
9 .80_9—9-=§)—___°-
O]
6
25 + 50 1.3 «25 «30 «35

Inlet velocity ratio, V3/V,
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Figure 34, - Continued, Effect of inlet velocity ratio on
average weighted total pressures at face of engine, upper
and lower halves, and average total pressures of upper and
lower nine cylinder heads. Propeller operating; thrust
coefficient, 0.038.
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Figure 34. - Concluded, ZEffect of inlet veloclty ratio on
average weighted total pressures at face of engine, upper
and lower halves, and average total pressures of upper and
lower nine cylinder heads, Propeller operating; thrust
coefficient, 0,038,



NACA MR No. ES5K30

o -inch-
ik ~ineh~
Qo
[w]
o ginall)
R [———
P—
H-p,
0\ \
o7
6
(a) Upper hine cylinder heads.
1.09 |
______.——/‘
“—‘-—_—_—w——/ PN
"1 —___________—
o1 _’____4.——-——"‘
" I
.90 — 1 ol —a
—
« 80
D
H-=po Y
qc
7
NATIONAL ADVISORY
6ol COMMITTEE FOR AERONAUTICS

-2 =1 0 l 2 3
Angle of attdck, deg
(b) Lower nine cylinder heads,

Figure 35.- Comparison of average total pressure-at cylinder
heads of five cowl-inlet configurations. Propeller
operating; thrust coeffictent T,, 0.038; Ap/q.,
approximately 0,50,
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Figure 36,- Comparison of average of weighted total pressures

at face of engine of five cowl=inlet configurations,

Propeller operating; thrust coefficient.T,, 0.C38;

Ap/ﬁc, approximately 0,50,
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Figure 37. - Total-pressure gradient from free stream to
face of engine. Propeller operating; thrust coefficient

To» 0.038;4 p/a,, epproximately 0.50.
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Figure 37. - Concluded. Total-pressure gradient from
free stream to face of engine. Propeller operating;
thrust coefficient T, 0.038; a p/q,, approximately 0.50,
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Figure 38,- A comparison of cooling drag reduction of
different cowl-inlet configurations. Pressure altitude,

15,000 feet; angle

of attack, -2°,
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Pigure 38, - Concluded,

A comparison of cooling drag
Pressure

reduction of different cowl-inlet configurations,
altitude, 15,000 feet; angle of attack, -2°.
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